Objective: The study aimed to evaluate the homocysteine and cobalamin status of German vegans and determine whether the intake of very small amounts of foods of animal origin can improve this status. Design and setting: Cross-sectional study, Germany. Subjects: The dietary and nutritional intakes of 131 vegans (73 women, 58 men; age range: 20.2-82.1 years) were evaluated using a general questionnaire and two foodfrequency questionnaires. Results: The prevalence of inadequate cobalamin status in volunteers of the German Vegan Study was 28.2%, and that of hyperhomocysteinaemia, 38.1%. Moderate vegans were affected to a lesser extent than were strict vegans. Duration of veganism and cobalamin concentration were inversely correlated (Spearman's r ¼ 2 0.175, P ¼ 0.047). Folate concentration and erythrocyte aspartic acid aminotransferase activity were not correlated with plasma homocysteine concentration, but duration of veganism correlated positively with homocysteine concentration (Spearman's r ¼ 0.319, P , 0.001). Cobalamin and homocysteine concentrations were inversely correlated (when controlling for duration of veganism; r ¼ 2 0.602, P , 0.001). Conclusion: Cobalamin status needs to be improved in order to minimise the risk of hyperhomocysteinaemia.
Hyperhomocysteinaemia is considered to be an independent risk factor for vascular diseases of the coronary, cerebral and peripheral arteries. An increase in total plasma homocysteine of only 5 mmol l 21 is estimated to result in a 50-80% increased risk for cerebrovascular or coronary artery disease 1 . To date, no standardised definition of hyperhomocysteinaemia exists 2, 3 . Elevated plasma homocysteine concentration results from either genetic defects and/or nutritional deficiencies of the vitamins involved in the metabolism of homocysteine: pyridoxine, cobalamin and folic acid. Selhub et al. 3 estimated that at least two-thirds of cases of hyperhomocysteinaemia are due to inadequate cobalamin, pyridoxine or folate status.
In general, omnivores obtain a sufficient supply of cobalamin -with the exception of sufferers of chronic atrophic gastritis -since meat and animal products are reliable sources for the vitamin. However, omnivores may have low folate intakes due to lower vegetable intake. Hyperhomocysteinaemia in healthy omnivores is therefore more likely to be related to low folate intake rather than to cobalamin deficiency 4 . In vegetarians and especially in vegans, a different situation can be assumed. Owing to the absence of cobalamin in plant foods (unless contaminated with faecal matter or fortified), vegans are more likely to be at risk of cobalamin deficiency but show high folate intakes and blood folate concentrations 5 -9 , whereas lacto-ovo vegetarians consume reasonable amounts of cobalamin in the form of eggs and/or dairy products 10 -12 . The strongest inverse association between cobalamin and homocysteine concentration is found in vegetarians, whereas in omnivores the (inverse) association between folic acid and homocysteine is the stronger one 7,13 -15 . In order to investigate the cobalamin and homocysteine status of German vegans and to evaluate whether the consumption of small amounts of eggs and dairy products can improve cobalamin status (and decrease homocysteine concentrations), strict and moderate vegans were included in the German Vegan Study (GVS).
Methods
Subjects for the GVS (designed as a cross-sectional study) were recruited by means of advertisements. Dietary intakes and nutritional intakes were evaluated by means of a general questionnaire and two 9-day food-frequency questionnaires. The GVS cohort was subdivided into strict and moderate vegans according to dietary intake: strict vegans (SV) consuming a pure vegan diet and moderate vegans (MV) consuming a maximum of 5% of total energy from eggs and/or dairy products. The following data illustrate that the dietary intake of moderate vegans was much more similar to that of the strict vegans than to the dietary intake of lacto-ovo vegetarians, and that it made more sense to name them moderate vegans rather than restricted lacto-ovo vegetarians. They consumed only very small amounts of products of animal origin: the mean daily intake was 4.05 g of milk, 1.64 g of butter, 1.48 g of cheese and 0.95 g of eggs 16 . Altogether, 131 persons (who took no cobalamin supplements) participated in all study segments and fulfilled the following study criteria: 'strict' vegan diet (n ¼ 86) or 'moderate' vegan diet (n ¼ 45) for at least 1 year prior to the start of the study, minimum age of 18 years and no pregnancy or childbirth during the previous 12 months.
An automated chemiluminescence system (ACS:180; Ciba Corning, Fernwald, Germany) was used to measure plasma cobalamin and red blood cell (RBC) folate concentrations 17 -19 . Plasma homocysteine concentrations were measured by high-performance liquid chromatography (Immunodiagnostic AG, Bensheim, Germany) 20 . Pyridoxine status was analysed by measuring the erythrocyte aspartic acid aminotransferase (EAST) activity after stimulation (EPOS Analyzer 5060; Eppendorf, Hamburg, Germany) 21 . The haemoglobin-cyanide method was used to measure haemoglobin 22 -24 , and RBC mean cell volume (MCV) was determined with a Coulter w STKS (Beckman Coulter; VCS Technology, Krefeld, Germany).
Ethical considerations
The GVS was conducted in accordance with the Helsinki Declaration of 1964 as revised in 1983 and 1996. Since there was no intervention, the Ethics Commission of Lower Saxony confirmed that ethical approval was not required. All subjects participated voluntarily and gave written consent prior to starting the study.
Statistical analysis
A statistical analysis program (SPSS 10.0.7; SPSS, Inc., Chicago, IL, USA) was used to analyse the data. Results are shown as mean^standard deviation or median (5th/95th percentile). Normal distribution of the data was checked using the Kolmogorov -Smirnov test. In the case of skewness, the Mann-Whitney U-test was used to reveal significant differences between the two groups; given a normal distribution the independent-samples t-test was used. For nominal data the chi-square test was used to evaluate statistically significant differences. Partial correlation was used to detect associations between (log) cobalamin and (log) homocysteine plasma concentrations while controlling for the duration of vegan diet. The relative risks of suffering from marginal pyridoxine supply and of being cobalamin-deficient were computed by means of incidence rates. As the results were not influenced by age, the calculations were not adjusted for age. Statistical significance was set at the 0.05 level; significance levels quoted are two-sided.
Results

Characteristics of the study participants
The characteristics of the GVS participants with respect to dietary subgroup allocation are shown in Table 1 .
Homocysteine, cobalamin, folate and pyridoxine Table 2 shows that homocysteine concentrations were significantly higher and cobalamin concentrations were significantly lower in strict vegans than in moderate vegans. The median plasma concentration of homocysteine in the GVS cohort was 12.7 mmol l
21
. However, homocysteine concentrations were significantly higher (P , 0.001, Mann -Whitney U-test) in men (median: 15.9 mmol l Homocysteine concentration increased with the duration of following a vegan diet (Spearman's r ¼ 0.319, P , 0.001). No association was found between homocysteine and age. After controlling for the duration of veganism, the correlation between (log) cobalamin and (log) homocysteine was strong, inverse and statistically Concentrations of homocysteine and haemoglobin and MCV levels of the cobalamin-deficient subgroup (, 110 pmol l
) are shown in Table 3 . It is obvious that more strict vegans than moderate vegans suffered from cobalamin deficiency. Nearly three-quarters of the subgroup show stage III cobalamin deficiency and about half show stage IV cobalamin deficiency.
In the GVS cohort folate concentrations were comparatively high in both groups, with slightly higher median concentrations in moderate vegans than in strict vegans. The prevalence of high EAST activity values (. 1.85; indicating a low pyridoxine status) was 21.8% in strict vegans and 13.2% in moderate vegans. The relative risk of marginal pyridoxine supply was 1.65 for strict vegans compared with moderate vegans.
Discussion
In this study, the plasma homocysteine, cobalamin, folate and pyridoxine concentrations of German vegans were investigated. The GVS cohort was subdivided according to dietary intake into strict vegans (SV) and moderate vegans (MV). These subgroups did not differ in anthropometric data or the duration of following a vegan diet 16 . Previous data 2, 5 have suggested that a vegetarian/vegan diet is related to elevated plasma homocysteine concentrations that lower the benefits of these diets regarding cardiovascular disease (CVD). From epidemiological studies it is known that there is an association between hyperhomocysteinaemia and the occurrence of myocardial infarcts. Despite the fact that there are no data to show that an elevated homocysteine concentration is a causative factor in the development of atherosclerosis, some authors consider hyperhomocysteinaemia to be an important and independent risk factor for CVD 1, 25 . The 'normal' range for total plasma homocysteine 25 (reference 28) have been discussed as upper levels for plasma homocysteine.
In the cohort investigated, the prevalence of plasma homocysteine concentration . 15 mmol l 21 was 36%. The incidence of hyperhomocysteinaemia was higher for strict vegans than for moderate vegans and higher for men than and were prevalent in 23% of the GVS cohort. More moderate vegans than strict vegans and more women than men were in this desirable range of , 8 mmol l 21 (Table 2 ).
In accordance with the findings from other studies 3, 30 , men in our study showed statistically significant higher plasma homocysteine concentrations than did women (difference: 5 mmol l 21 , P , 0.001, Mann -Whitney U-test).
This may partly be due to a difference in vitamin status, since significant differences were found for cobalamin plasma concentrations (difference: 50 pmol l 21 , P ¼ 0.005, Mann-Whitney U-test), but also reflects the influence of 17b-oestradiol 25, 31 . Correlations between the dietary intakes of cobalamin, folate and pyridoxine and corresponding plasma concentrations were not found.
In contrast to the hyperhomocysteinaemia in omnivores, the higher homocysteine concentrations in vegetarians and vegans are probably not a consequence of folate deficiency but of cobalamin deficiency 5 . 37 , our results for the GVS cohort show a weak but significant negative correlation between cobalamin concentration and the duration of veganism (Spearman's r ¼ 2 0.203, P ¼ 0.013). The correlation analyses indicated a significant inverse association for (log) cobalamin and (log) homocysteine (r ¼ 2 0.602, P , 0.001) after controlling for duration of vegan diet. These findings are in agreement with other results that indicate an inverse association for cobalamin and homocysteine 2, 3, 5, 14 . Although studies with omnivores show a strong inverse relationship for plasma folate and homocysteine 3, 14 and, to a lesser extent, associations between pyridoxine and homocysteine 3 , no correlations between homocysteine and either pyridoxine or folate, respectively, were found for the GVS participants. These results bear analogy to those of Quinlivan et al. 38 , who concluded that cobalamin is the main determinant of homocysteine in cohorts with high folate intakes.
In conclusion, our findings show that even a small amount of food of animal origin can improve cobalamin and homocysteine status. In order to minimise the risk of cobalamin deficiency and hyperhomocysteinaemia, regular supplementation of cobalamin in the nationally recommended amount should be considered by strict and moderate vegans.
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